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I
nhaled short-acting ␤ 2 -agonists, anticholinergics, and oral theophylline (THEO) are the most broadly used medications for the symptomatic treatment of patients with COPD. [1] [2] [3] The ␤ 2 -adrenoceptor agonists formoterol fumarate and salmeterol xinafoate have a longer duration sponsor of the study (ie, exceeding $50,000 of action than previously available inhaled ␤ 2 -adrenoceptor agonist agents and can be administered twice daily. 4 There is increasing evidence that they represent a therapeutic advance in the management of all forms of COPD, when used as monotherapy 5 or in combination therapy with other bronchodilators in patients requiring multidrug therapies. 6 In the most recent guidelines for the management of COPD, 7 the administration of formoterol and salmeterol is recommended as an alternative to or in combination with anticholinergic agents or slowrelease THEO preparations in patients with moderate and severe disease who require treatment with bronchodilators on a regular basis. However, there are no clinical data on the therapeutic value of formoterol administered as an alternative to THEO. In this study, we therefore compared the effects of a 12-month treatment with formoterol, oral slowrelease THEO, and placebo (PL) in terms of airflow obstruction, symptoms, quality of life (QOL), safety, and tolerability in patients with COPD.
Materials and Methods

Patients
Patients were male or female outpatients aged Ն 40 years, who were either current smokers or ex-smokers of Ͼ 10 pack-years had received a diagnosis of COPD, made according to the American Thoracic Society guidelines. 1, 8 All patients gave written informed consent.
Inclusion criteria required that the patients' FEV 1 was Ͻ 70% of the predicted value and Ն 0.75 L, with an FEV 1 /vital capacity ratio of Ͻ 88% of that predicted in men and Ͻ 89% of that predicted in women. 1, 2, 8 Daytime and/or nighttime symptoms were to be present on at least 4 of the last 7 days of the run-in period. The specific exclusion criteria were those reported elsewhere. 6, 9 Following reversibility testing with 200 g salbutamol at screening, patients were classified as irreversible/poorly reversible when their FEV 1 increased Ͻ 15% from the baseline value, and for these patients a separate analysis of the primary variable was performed. These patients also presented with a mean absolute change in FEV 1 of Ͻ 200 mL, which is in line with the rationale as to what constitutes a nonsignificant bronchodilatory response, according to COPD guidelines. 3 Patients were recruited after the approval of the local ethics committees.
Study Design
This was a multicenter, randomized, parallel-group, PLcontrolled study. After screening at visit 1, patients entered the run-in period of 10 to 21 days, during which they became accustomed to the trial procedures, inhalation practices, and dosing regimens. During this period, they received inhaled salbutamol (100 g per puff), or equivalent doses of albuterol in the US centers, as needed.
Eligible patients then were randomized to receive, for 12 months, 12 g inhaled formoterol (F12) or 24 g inhaled formoterol (F24) twice daily via a single-dose, breath-activated inhaler (Foradil Aerolizer dry powder capsules for inhalation; Novartis; Basel, Switzerland), 10 or PL matching formoterol twice daily, or oral slow-release THEO (Theo-Dur, 200-mg or 300-mg tablets; AstraZeneca; London, UK) twice daily. F12, F24, and PL were administered in a double-blind manner, but the required dose titration of oral slow-release THEO made blinding impossible, and it was therefore administered at individualized doses on the basis of plasma concentrations in an open-label fashion. The titration of the oral slow-release THEO dose was performed by targeting plasma levels between 8 and 20 mg/L 11,12 at 3 to 4 h after the morning dose. Patients not achieving the desired plasma levels following two titrations were discontinued from the study. Subsequent measurements of oral slow-release THEO plasma concentrations were performed at 3, 6, 9, and 12 months, and dose adjustments were performed if required.
Stable patients receiving inhaled corticosteroid treatment were instructed to remain on that treatment throughout the study. Inhaled salbutamol (up to 8 puffs per day) was allowed as the rescue medication. Short courses of antibiotics, oral corticosteroids, and/or oxygen were permitted in case of exacerbations or respiratory infection up to two times during the study.
The primary efficacy variable was the standardized area under the curve (AUC) for FEV 1 measured over a period of 12 h following the morning dose of study medication after 3 and 12 months of treatment. FEV 1 was determined predose and at 5, 15, 30 min, 1 h, and hourly up to 12 h postdose. The standardized AUC-FEV 1 (ie, the AUC divided by the time period that the patient was observed) was calculated using absolute FEV 1 values through the 12-h interval. 9 The patients were requested to abstain from taking rescue medication within 6 h prior to and during serial spirometry.
Other efficacy variables were the standardized AUC for FVC, the absolute FEV 1 values at all the individual time points during each 12-h spirometry period, the predose FEV 1 at all 3-monthly visits, the daily morning premedication peak expiratory flow (PEF), the daily total symptom score, the daily number of puffs of rescue salbutamol, the frequency of COPD exacerbations, and QOL.
The following six symptoms were recorded daily by patients: the ability to perform the usual daily activities; breathlessness over the previous 24 h; waking at night due to respiratory symptoms; breathlessness on rising; cough; and sputum production. The scoring system for each symptom allowed values in the range from 0 (no symptoms) to 3 (worst), and the six questions allowed for up to a maximum total score of 18 per day.
Three levels of COPD exacerbation were identified as follows: first level (mild), "bad days," defined as days with at least two individual symptom scores of Ն 2 and/or a reduction in PEF from baseline (ie, the average value over the last 7 days of the run-in period) of Ͼ 20%; second level (moderate), undergo a course of additional therapy (ie, corticosteroids, antibiotics, or oxygen); and third level (severe), COPD-related hospitalizations.
QOL was measured before the first dose of study medication and after 12 months of treatment by the validated St. George's Respiratory Questionnaire (SGRQ). 13, 14 Vital signs were obtained during the screening visit. At subsequent visits, vital signs were obtained before the morning dose and at 1, 2, 4, and 12 h postdose. ECGs also were performed at visits predose and up to 2 h postdose (the latter in selected centers). A clinical laboratory evaluation was performed at the screening visit, at randomization, and after 6 and 12 months of treatment. Patients recorded adverse events (AEs) in the patient diary throughout the study.
Statistical Analysis
The sample size estimate was based on the primary efficacy variable, the standardized AUC-FEV 1 . The between-patient SD was assumed to be 400 mL. To allow for an expected dropout rate of 15%, a minimum sample size of 206 patients per treatment group was required to demonstrate a clinically relevant difference of 120 mL between treatment groups with a power of 80% and a significance level of 5% (two-sided). The statistical analysis was carried out according to the intentto-treat principle. Analysis of covariance (ANCOVA) was used to estimate all treatment differences for standardized AUC-FEV 1 . The ANCOVA model allowed for the effects of country, center within country, gender, reversibility, and smoking status at entry into the study. The baseline FEV 1 value (ie, the last FEV 1 measured before randomization) was used as a covariate. All the other variables were analyzed by ANCOVA or the van Elteren test, as appropriate. No adjustment of the significance level was used for multiple comparisons of the primary variable as an ordered hierarchical procedure was defined. As a large number of secondary variables were tested in an exploratory sense, no adjustment was made for repeated measures testing of the data recorded at a series of time points.
Results
Patients
One thousand one hundred twenty-seven patients were screened, and 854 were randomized into this study (F12, 211 patients; F24, 214 patients; PL, 220 patients; and THEO, 209 patients) [ Table 1 ]. A total of 232 patients were discontinued from the study prematurely, and 622 completed the 12-month treatment period. The lowest discontinuation rates were seen in the F12 and F24 groups, and the highest was seen in the THEO group ( Table 1) . The proportion of patients discontinuing the study in the first 3 months of treatment was about threefold higher with the patients receiving THEO (27%) than among those receiving F12 (10%) and F24 (8%) [ Table 1 ]. The main reason given for premature discontinuation was AEs that were not related to COPD ( Table 1) .
The demographic and baseline characteristics of the intent-to-treat population are summarized in Table 2 . The patients categorized as irreversible/ poorly reversible represented 56%, 45%, 53%, and 50%, respectively, of the total number of patients randomized to F12, F24, PL, and THEO. Even among the reversible patients (ie, those patients whose FEV 1 values increased Ն 15% after receiving salbutamol), the mean postbronchodilator FEV 1 ranged from 43% of predicted (THEO group) to 48% of predicted (PL group), and the mean FEV 1 / vital capacity ratio was Ͻ 50% in all the treatment groups. In addition, the population satisfied the other inclusion criteria reported above, and their smoking histories and symptoms were compatible with the diagnosis of symptomatic COPD, as indicated by international guidelines. [1] [2] [3] 7, 12 The only concomitant medications that were allowed were inhaled corticosteroids, which were received by 47% of the patients in each formoterol group, 49% of the patients in the PL group, and 46% of the patients in the THEO group. The most frequently used inhaled corticosteroids were beclomethasone dipropionate and budesonide, at mean daily doses that were within the recommended range. The percentages of patients who required oral corticosteroid therapy over the whole treatment period were 13% in the F12 group, 10% in the F24 group, 17% in the PL group, and 8% in the THEO group.
The majority of patients who were treated with THEO received doses that maintained plasma levels that were well within the acceptable range of 8 to 20 mg/L. A plasma level of Ͼ 20 mg/L was recorded on only 11 separate occasions after the start of treatment. Only three of the patients who discontin- (5) 5 (2) 15 (7) 9 (4) 40 ( ued treatment prematurely because of an AE had plasma levels of Ͼ 20 mg/L, and all stopped taking THEO shortly after randomization. Only seven other patients with plasma levels of Ͼ 15 mg/L but Ͻ 20 mg/L withdrew from treatment because of AEs. All other patients who discontinued treatment early because of an AE were receiving doses of THEO that had been stabilized to give a plasma level of Ͻ 15 mg/L, as recommended by most experts. 2, 12 
Spirometric Measures
The analysis of the standardized AUC-FEV 1 at 3 months of treatment in the entire population showed that both F12 and F24 were more effective than PL, with differences that were statistically significant and exceeded the 120-mL threshold for clinical relevance (Table 3) . Both F12 and F24 were also statistically significantly superior to THEO ( Table 3) . The comparison between THEO and PL produced a statistically significant result (Table 3) , which confirmed the sensitivity of the study. Baseline FEV 1 , country, center within country, and reversibility were shown to be significantly related to the primary outcome (p Ͻ 0.001, p ϭ 0.025, p ϭ 0.005, and p ϭ 0.004, respectively), whereas gender and baseline smoking status were not.
The ANCOVA of the standardized AUC-FEV 1 at 12 months of treatment also showed that both F12 and F24 were superior to PL, with estimated differences that were again statistically significant and clinically relevant (Table 3) . F12 was significantly more effective than THEO (Table 3) . THEO was significantly more effective than PL (Table 3 ).
An analysis of the primary variable in the subpopulation of patients who were defined as irreversible/ poorly reversible showed that F12 and F24 produced significant bronchodilation vs PL also in this group of patients (Table 3 ). This effect was evident both at 3 and 12 months into the treatment period. In this group of irreversible/poorly reversible patients, therapy with THEO did not cause any significant improvement in AUC-FEV 1 vs PL at any time point (Table 3 ).
An additional analysis of the primary variable indicated that both F12 and F24 were superior to PL whether or not the patients were receiving concomitant therapy with corticosteroids throughout the trial.
The 12-h profile plots of mean FEV 1 values after 3 and 12 months of treatment in the entire population are reported in Figure 1 . Compared to PL, therapy with both F12 and F24 improved postmedication FEV 1 at every time point and for each visit. Treatment differences were highly statistically significant (all p Ͻ 0.001), and all exceeded the 120 mL that had been stated to be clinically relevant in the protocol. For both doses, the effect of formoterol was similar throughout the study. THEO was also significantly more effective than PL at every time point and for each visit (all p Ͻ 0.05), and the difference was clinically relevant at 5, 7, 8, 10, 11, and 12 h. Concerning the effect of treatments on morning premedication FEV 1 values, F12 and F24 were significantly more effective than PL at every time point of the treatment period (p Յ 0.026), with the exception of F24 at 9 months. THEO also significantly improved morning premedication FEV 1 over PL during the entire treatment period (p Յ 0.013).
The ANCOVA of the standardized AUC-FVC over 12 h at 3 and 12 months of treatment also showed that both F12 and F24 were significantly more effective than PL (all p Ͻ 0.001). THEO was significantly more effective than PL (all p Յ 0.007). Both F12 and F24 were superior to THEO, with statistically significant differences at 3 months (p Յ 0.016).
Morning Premedication PEF
The mean values of the morning premedication PEF over the 3 months preceding each visit are reported in Figure 2 , together with the mean values over the last 7 days of the run-in period (ie, baseline values). The ANCOVA of the data averaged over the 3 months between visits showed that F12 and F24 were significantly more effective than PL at every time point. F24 was invariably more effective than THEO, with statistically significant differences at every time point. F12 was significantly more effective than THEO during the first 3 months. Afterward, treatment differences did not reach statistical significance, although mean morning premedication PEF was still higher when patients received F12 than when they received THEO (Fig 2) .
ANCOVA of PEF values averaged over the whole treatment period showed that both F12 and F24 were significantly superior to PL (all p Ͻ 0.001) and significantly more effective than THEO (all p Յ 0.020). THEO was also significantly more effective than PL (p ϭ 0.007). 
Total Diary Symptom Score and Use of Rescue Medication
For every 3-month time interval, the average symptom scores tended to be slightly lower with patients receiving F12 and F24 than when they received PL and THEO. The median symptom scores averaged over the entire treatment period were 4.7 while receiving F12, 4.8 while receiving F24, 5.5 while receiving PL, and 5.4 while receiving THEO. There was no statistical significance among the treatment groups.
The median numbers of puffs of rescue medication inhaled per day over the 3 months preceding each visit are shown in Figure 3 , together with the median number of puffs of rescue medication inhaled per day over the last 7 days of the run-in period (ie, the baseline value). Considering the results over the whole treatment period, the median numbers of puffs of rescue medication inhaled by patients were 1.1 while receiving F12, 0.7 while receiving F24, 1.8 while receiving PL, and 1.6 while receiving THEO. Both F12 and F24 produced reductions in the use of rescue medication over the whole treatment period that was significant compared to PL (all p Յ 0.003). The median percentage of days with no use of rescue medication over the entire treatment period was higher while patients were receiving F12 (44%) and F24 (62%) than when they were receiving PL (13%) and THEO (22%). Figure 4 shows the mean percentages of bad days (first level, mild COPD exacerbations) averaged over the 3 months preceding each visit at 3, 6, 9, and 12 months. Both F12 and F24 were significantly superior to PL (p Յ 0.008) and to THEO (p Յ 0.035), while there was no significant difference between THEO and PL (p ϭ 0.617).
COPD Exacerbations
The mean percentage of days of additional therapy for COPD (second level, moderate COPD exacerbations) was lower while patients were receiving F24 (4%) and THEO (5%) than when they were receiving PL (8%) or F12 (7%). The differences reached statistical significance for F24 and THEO compared with PL (p ϭ 0.043 and p ϭ 0.019, respectively) but not for F12 compared to PL. Similar results were observed with the percentage of patients receiving additional therapy for COPD exacerbations (patients receiving F12, 32%; patients receiving F24, 23%; patients receiving PL, 34%; and patients receiving THEO, 20%). The number of COPD-related hospi- talizations (third level, severe COPD exacerbations) was four times higher in the PL group (20) than in the F24 group (5). Marked differences also were seen in the comparisons between the PL group and the F12 groups (10) and the THEO group (6).
QOL
QOL was assessed before administration of the first dose of study medication and after 12 months of treatment, and the absolute scores are reported in Table 4 . Compared to patients receiving PL, those receiving both F12 and F24 showed statistically significant improvement in the total SGRQ score at the end of the treatment period (p ϭ 0.030 and p ϭ 0.009, respectively). THEO was also statistically significantly more effective than PL (p ϭ 0.013).
Considering the three domains of the total SGRQ scores, F12 produced a statistically significant improvement in the symptoms subscore in comparison with PL (p ϭ 0.009). F24 caused a statistically significant improvement over PL for the impacts subscore (p ϭ 0.016). THEO produced a statistically significant reduction in the activity subscore vs PL (p ϭ 0.003).
AEs and Safety Variables
Of the 854 patients randomized into the study, 565 (66%) reported AEs. The most frequently occurring AEs are reported by treatment in Table 5 . There were higher numbers of GI AEs in the THEO group compared to the other treatment groups.
Forty-nine percent of all AEs were considered to be mild in severity, and 12% were severe. The number of patients reporting severe AEs was 36 in F12 group, 39 in the F24 group, 59 in the PL group, and 56 in the THEO group. A total of 211 AEs reported by 119 patients were considered by the investigators to be drug-related. Of these, 20 were reported by 18 patients (9%) receiving F12, 28 were reported by 18 patients (8%) receiving F24, 27 were reported by 17 patients (8%) receiving PL, and 136 were reported by 66 patients (32%) receiving THEO.
A total of 115 patients discontinued the study prematurely because of AEs, unsatisfactory therapeutic effect, or death (Table 1 ). In the THEO group, the total number of withdrawals due to AEs (COPD-related and not COPD-related) was threefold higher than that in the F12 and F24 groups and was twofold higher than that in the PL group (Table 1) . The mean time to discontinuation was 115 days in the F12 group, 135 days in the F24 group, 116 days in the PL group, and 65 days in the THEO group. Patients receiving THEO were four times more likely to discontinue treatment because of AEs or unsatisfactory therapeutic effect than were patients receiving F24 and were three times more likely to discontinue treatment than those receiving F12 (F24/THEO hazard ratio, 0.27; and F12/THEO hazard ratio, 0.34; both p Ͻ 0.001). Patients receiving THEO were twice as likely as patients receiving PL to discontinue for the same reasons (THEO/PL hazard ratio, 2.05; p ϭ 0.002).
There were four deaths during treatment in this study (Table 6 ). Three occurred in the F12 group and one occurred in the F24 group. Three deaths were considered not related to study medication (suicide, one patient; post-traumatic death, one patient; possible myocardial infarction, one patient). (10) 14 (7) 16 (7) 12 ( Mean percentage of bad days averaged over the 3 months preceding each visit at 3, 6, 9, and 12 months of the treatment period in the intent-to-treat population. Over the whole treatment period, F12 and F24 were significantly superior to PL (p Յ 0.008) and to THEO (p Յ 0.035), while there was no significant difference between THEO and PL (p ϭ 0.617) as determined by an ANCOVA model that used the mean total diary score during the last 7 days of the run-in period as a covariate.
One death was due to myocardial infarction with a rupture of the interventricular cardiac septum and was considered by the investigator to be possibly related to receiving the study drug. The numbers of other serious AEs (SAEs) and significant AEs are reported by treatment in Table 6 . Cardiac SAEs were reported by five patients receiving F12, by no patients receiving F24, by two patients receiving PL, and by five patients receiving THEO. Heart/rhythm disorders occurred in four patients (2%) receiving F12, in six patients (3%) receiving F24, by five patients (2%) receiving PL, and by nine patients (4%) receiving THEO. There was no difference between treatment groups in the incidence of ECG abnormalities, clinically relevant abnormal serum potassium values, and fasting glucose plasma levels. The incidence of the prolongation of the QTc beyond 0.46 s during the treatment period was 16% for both the F12 and F24 groups, 14% for the PL group, and 22% for the THEO group. In the US centers, ECGs were recorded up to 2 h postdose at randomization, and at each 3-month visit abnormal and clinically significant ECG findings were detected in one patient receiving F12, in two patients receiving F24, in two patients receiving PL, and in no patients receiving THEO.
The number of serious and non-SAEs tended to be lower among patients receiving F24 than among those receiving F12, indicating no dose-related effect.
Discussion
The current first-line therapies for COPD patients are inhaled short-acting ␤ 2 -adrenoceptor agonists and ipratropium bromide, with THEO being the recommended add-on treatment for patients not adequately controlled by therapy with inhaled bronchodilators. [1] [2] [3] 7 Slow-release preparations of THEO have a prolonged action and can be administered orally twice daily. For this reason, they are considered to be particularly indicated for those COPD patients who have nocturnal or early morning symptoms or who are incapable of inhaling drugs. [1] [2] [3] In addition, THEO augments central respiratory drive, may have an effect on respiratory muscles, and reduces pulmonary vascular resistance, effects that may be desirable in clinically important obstructive disease. 15, 16 However, careful dosing is needed, and the necessity of monitoring plasma levels to adjust the dosage is cumbersome.
The ␤ 2 -adrenoceptor agonist formoterol fumarate combines the rapid onset of action of previously available ␤ 2 -adrenoceptor agonists with a prolonged duration of the bronchodilator effect and can be administered twice daily. 4 A recent study 9 has indicated that formoterol is more effective than ipratropium bromide at improving pulmonary function, symptoms, use of rescue medication, and QOL among patients with COPD. The results of the present study suggest that formoterol dry powder delivered via the breath-activated inhaler (Aerolizer) is not only superior to PL with on-demand salbutamol/ albuterol but also is superior to oral slow-release THEO in terms of the magnitude of the bronchodilator effect (AUC-FEV 1 , over 12 h) and may have a role in the prevention of mild COPD exacerbations.
An analysis of the standardized AUC-FEV 1 following the morning dose of study medication in the entire intent-to-treat population revealed that the bronchodilator effect of both F12 and F24 was statistically and clinically significant compared to that of PL at 3 and 12 months of the treatment period. THEO was also significantly more effective than PL after 3 and 12 months of treatment. The lower dose of formoterol produced a significant improvement of the AUC-FEV 1 over THEO at both time points of the treatment period, and F24 was significantly more effective than THEO at 3 months. Both F12 and F24 were also significantly more effective than PL in the subpopulation of patients who are considered to have relatively fixed airflow obstruction according to current guidelines, 3, 7 while THEO had an effect similar to PL in these irreversible/poorly reversible individuals.
The analysis of the absolute FEV 1 values at individual time points following the morning dose of (2) 10 (5) 10 (5) Not leading to premature discontinuation 15 (7) 11 (5) 23 (11) 11 (5) Other significant AEs † 4 (2) 7 (3) 12 (5) 38 ( study medication at 3 and 12 months of treatment showed that a statistically significant and clinically relevant superior bronchodilator effect over PL was detectable with both F12 and F24 as early as 5 min after dosing and that it persisted for at least 12 h. A statistically significant and prolonged superior bronchodilator effect over PL also was detected with THEO, but it did not reach the predefined threshold for clinical relevance (ie, 120 mL) at all time points. The bronchodilator effect of THEO was significantly smaller in magnitude compared to the effect of both F12 and F24, especially for the first 4 h following the morning dose of study medications (Fig 1) . Compared to the PL group, there was an improvement in the morning premedication FEV 1 in both the F12 and F24 groups and in the THEO group, with differences that were statistically significant at every 3-month visit, with the sole exception of the F24 group at 9 months. This indicates that treatment with formoterol allows the control of nocturnal symptoms in a way that is similar to treatment with THEO and is therefore indicated for patients who have nocturnal or early morning symptoms.
The persistent increase in morning premedication PEF by formoterol over the entire 12 months of treatment confirmed that there was no diminution of the bronchodilating effect of this agent.
The improvement in pulmonary function by formoterol was associated with a significant reduction in the use of rescue medication in the absence of a concomitant increase in symptoms and with a significant decrease in the frequency of mild exacerbations (ie, the number of bad days as defined in the "Study Design" section), while THEO had no significant effect on these parameters.
The reduction in the number of bad days by formoterol would suggest that this drug might alter the course of acute exacerbations of COPD. This may be the result of the inhibitory effect of ␤ 2 -adrenoceptor agonists on plasma exudation and neutrophil migration 17, 18 or may reflect an additional reduction in the expression of adhesion molecules and in the activation of inflammatory cells in the airways of those patients receiving inhaled corticosteroid therapy as concomitant medication (ie, Ͼ 40% in each treatment group). 19 However, it should be noted that the definition of bad days included changes in PEF values. Thus, the beneficial effect of formoterol in comparison to THEO for this outcome may merely reflect a more potent bronchodilator activity at the time of the exacerbation. Interestingly, the number of severe COPD exacerbations/COPD-related hospitalizations was low among the formoterol-treated patients, indicating that the more potent bronchodilatory activity of formoterol was not associated with mere masking of mild exacerbations and that the observed decrease in the number of bad days may after all reflect a true effect of formoterol. In this context, the findings in this study of a possible beneficial effect of formoterol on mild COPD exacerbations (according to the definition of bad days in the study protocol) warrants further investigation before any conclusion can be drawn.
The patients receiving formoterol perceived the beneficial impact on the quality of their daily life as indicated by the statistically significant improvement in the total score of the SGRQ after 12 months of treatment with formoterol in comparison with treatment with PL. THEO was also more effective than PL. The result of the latter comparison should be interpreted with caution due to the disproportionate number of premature discontinuations in the THEO arm of the study that might have resulted in the under-representation of poorly controlled patients in this group. It is important to consider, however, that the unblinded nature of the THEO arm might have contributed to the very high dropout rate associated with this treatment and that there was no difference among the treatment groups in the number of patients who discontinued treatment because of a lack of efficacy. Most withdrawals were due to GI side effects, not to the improper control of symptoms.
In the present study, there was no clear indication of a dose response to formoterol in the tested population. Although F24 improved some parameters more than F12, such as the morning PEF, the use of rescue medication, and the total score of the QOL questionnaire, the differences were not statistically significant and were not in the same direction for other parameters.
One study 20 has demonstrated an additive effect of salmeterol and fluticasone in patients with COPD who were treated for 3 months. Differing from that investigation, our trial was not designed to examine a relationship between corticosteroid use and specific outcomes. Although a post hoc analysis of the primary variable indicated that both F12 and F24 were superior to PL, whether or not the patients were receiving concomitant inhaled corticosteroid therapy, we did not compare the magnitude of the improvement in the two subgroups, and further investigation is warranted.
Compared to therapeutically effective doses of oral, slow-release THEO that was administered twice daily, F12 and F24 administration twice daily caused fewer AEs and fewer premature discontinuations. Most of the patients who discontinued THEO treatment prematurely were receiving doses resulting in plasma levels considered to be relatively well-tolerated (ie, Ͻ 15 mg/L). 2, 11, 12 However, it should be noted that the plasma concentrations of THEO were measured 3 to 4 h after dosing. Although plasma sampling at 4 h postdose is within the recommended time range, 3, 21, 22 higher plasma concentrations of THEO may have been reached at Ն 6 h. 3, 11 In addition, in senile patients the AEs caused by therapy with THEO may occur even at plasma concentrations Ͻ 15 mg/L, and the currently recommended plasma levels for patients with concomitant diseases such as right heart failure, cor pulmonale, and hepatic insufficiency are lower than those used in our study (ie, between 5 and 12 mg/L). 1 There were four deaths in this study. One death that occurred in the F12 group was considered possibly to be related to treatment by the investigator, but there were no deaths due to serious cardiac AEs in the group receiving F24. This suggests that there was no dose relationship to formoterol. Also, heart rate/rhythm abnormalities and QTc changes occurred with the same frequency in both the formoterol and PL groups.
Overall, both F12 and F24 showed a safety and tolerability profile that was similar to that of PL.
In conclusion, the results of this study support the use of inhaled formoterol dry powder in the longterm treatment of COPD patients and indicate that this agent is more effective and better tolerated than oral, slow-release THEO in symptomatic patients with COPD. The results also indicate that formoterol is effective in improving lung function in patients with varying degrees of reversibility of the airflow obstruction, while the bronchodilating effectiveness of oral, slow-release THEO is limited to the group of patients who display a more variable airflow obstruction.
Our findings are in agreement with the statement that a policy of minimal therapeutic intervention in COPD is no longer justified. 2 In comparison with no or minimal treatment (ie, PL or PL and salbutamol/ albuterol on demand), regular treatment with formoterol was well-tolerated and improved airflow obstruction even in the apparently less reversible patients. More importantly, use of formoterol improved QOL and decreased the use of supplemental salbutamol/albuterol for symptom relief.
